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IMAGE SCANNER AND IMAGE SCANNING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This is a continuation application of U.S. application Ser.
No. 13/551,646, filed Jul. 18, 2012, which is a continuation of
U.S. application Ser. No. 12/619,241, filed Nov. 16, 2009,
now U.S. Pat. No. 8,253,986, which was a divisional appli-
cation of U.S. application Ser. No. 11/190,017, filed Jul. 27,
2005, now U.S. Pat. No. 7,639,404, which claims the benefit
of Japanese Patent Application No. 2004-219050 filed Jul. 27,
2004 and Japanese Patent Application No. 2005-158815 filed
May 31, 2005 in the Japanese Patent Office, the disclosures of
which are incorporated herein by reference.

BACKGROUND

The present invention relates to an image scanner, in which
an original placed on an original placing surface of a trans-
parent plate is scanned by a scanning device that is disposed
opposite to the original placing surface with respect to the
transparent plate, irradiates the original with light by means
ofalight source and scans the reflected light from the original,
and to an image scanning method.

In a known example of conventional image scanners, a
platen made of transparent glass is attached to an upper por-
tion of a box housing with the upper portion opened, and a
scanning device, such as a Contact Image Sensor (hereinafter
referred to as “CIS”), is reciprocably provided under the
platen. In the image scanner, an original is placed on the
platen with a surface to be scanned facing down, and an image
on the original is optically scanned by using the CIS. Then, a
resulting light signal is converted into an electric signal to
create image data.

In such an image scanner provided with a CIS, there are
differences in optical properties among light receiving ele-
ments, and unevenness in illuminance among individual light
sources. This sometimes results in variation in scanned values
that is undesirably large for creation of image information. It
is, therefore, necessary to perform some correction of the
differences in optical properties among light receiving ele-
ments and of the unevenness in illuminance among individual
light sources prior to image scanning by the CIS.

Generally, scanning of a white plate or a white roller is
performed with a light source turned off prior to image scan-
ning by the CIS, and the resulting light signal is converted into
an electric signal. The electric signal is stored in a buffer
memory as black image data. Then, the correction of image
data of an original is performed based on the black image
data. This may compensate for differences in optical proper-
ties among light receiving elements.

Further correction is performed as disclosed in Publication
of Unexamined Japanese Patent Application No. 2000-
115473. Specifically, the light source of the CIS is turned on,
and the reflected light obtained from the white plate or the
white roller as a white reference is focused onto light receiv-
ing elements and is scanned. The resulting light signal is
converted into an electric signal, and the electric signal is
stored in a buffer memory as white image data. Then, the
correction of image data of the original is performed based on
the white image data. This may compensate for unevenness in
illuminance among individual light sources.

The image scanner is provided with an original pressing
plate for covering the platen during scanning of the original.
The original pressing plate is arranged so as to be openable/
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closable in a vertical direction (i.e., in upper and lower direc-
tions). However, image scanning of a thick original, such as a
book original, using the CIS is performed with the original
pressing plate opened with respect to the platen, while the
spine of the book original is pressed downward in order to
prevent causing a shadow from the binding margin.

SUMMARY

Image scanning performed with the original pressing plate
opened leads to a problem that ambient light is allowed to
enter the inside of the image scanner through the platen.
Ambient light here means indoor and outdoor light entering
the inside of the image scanner from transparent members,
such as the platen, or openings of the image scanner. More
specifically, ambient light entering the scanner through the
platen may be reflected and travel through the platen, and may
reflect on, for example, an internal surface of the housing after
passing through the platen. Such ambient light may enter the
white plate or the white roller as a white reference.

When the above described corrections are performed with
the entry of ambient light, ambient light will cause the output
of a black reference to be larger than an output of a proper
black reference. That is, black image data is obtained as an
output larger than proper black image data correspondingly to
the amount of ambient light. Ambient light will also cause the
output of a white reference to be larger than an output of a
proper white reference. That is, white image data is obtained
as an output larger than a proper white image data corre-
spondingly to the amount of ambient light.

When corrections of image data obtained by image scan-
ning of an original are performed using image data of black
and white influenced by ambient light as described above, the
white color in the original appears darker, and a darker image
is provided. Specifically, since an output corresponding to the
white of an original without an influence by ambient light is
smaller than white image data with an influence by ambient
light, the white is regarded as having a brightness lower than
a proper white and corrected to a light gray level. As a result,
a scanned image in an area of the original where ambient light
does not enter becomes darker.

Especially, a black image having a lower black level is
blurred. Specifically, an output curve of the CIS presents a
gentle slope indicating small output differences on a black
level side. Accordingly, when an output of black image data
becomes larger due to an influence by ambient light, outputs
corresponding to from a black level to a dark gray level of the
original without an influence by ambient light becomes
smaller than the black image data. As a result, outputs corre-
sponding to from a black level to a dark gray level are all
regarded as black in a corrected scanned image.

Such an influence by ambient light presents a problem
particularly significant in an image scanner provided, in addi-
tion to the platen, with a slit glass for scanning an original
conveyed by an original conveying apparatus, since an upper
area over the slit glass is exposed allowing ambient light to
enter.

More specifically, when the platen has an FBS area as a flat
bed scanner (hereinafter referred to as “FBS”) and an ADF
area for scanning an original conveyed by an original convey-
ing apparatus, such as an auto document feeder (hereinafter
referred to as “ADF”), and a white reference portion is pro-
vided to an original placing surface side of a positioning
member that divides into these areas, the ADF area remains
exposed even if the FBS area is substantially covered with an
original. Accordingly, ambient light enters the image scanner
through the ADF area, and then enters the original placing
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surface side of the positioning member. On the contrary, most
part of the original in the FBS area is not subject to an
influence of ambient light since ambient light is substantially
blocked by the original. Thus, the above described problem is
likely to be caused.

The present invention, relating to an image scanner, in
which an original placed on an original placing surface of a
transparent plate is scanned by a scanning device that is
disposed opposite to the original placing surface with respect
to the transparent plate, irradiates the original with light by
means of a light source and scans the reflected light from the
original, and to an image scanning method, has an object to
provide adevice that prevents an influence of ambient light on
a white reference portion provided to an original placing
surface side of a positioning member, thereby to achieve an
improved scanned image quality.

In one aspect of the present invention, there is provided an
image scanner which comprises: a transparent plate, a scan-
ning device, a driving device, a positioning member, a light
absorbing portion, and a white reference portion. The trans-
parent plate has an original placing surface for placing an
original thereon. The scanning device, which is disposed
opposite to the original placing surface with respect to the
transparent plate, irradiates the original with light by means
ofalight source and scans the reflected light from the original.
The driving device reciprocates the scanning device along the
transparent plate. The positioning member positions the
original placed on the original placing surface of the trans-
parent plate. The light absorbing portion is disposed on the
original placing surface side ofthe positioning member and at
substantially a central portion of the positioning member in
moving directions of the scanning device. The light absorbing
portion absorbs ambient light traveling in the transparent
plate. The white reference portion is provided to the original
placing surface side of the positioning member.

An original to be image scanned is placed on the original
placing surface of the transparent plate in accordance with the
positioning member. While the scanning device is moved by
the driving device, the scanning device irradiates light to the
original from the light source, and scans the reflected light.
Thus, image scanning of the original is performed.

Prior to the image scanning, the scanning device is moved
by the driving device to a position corresponding to the light
absorbing portion and a position corresponding to the white
reference portion. Then, black reference data is obtained with
respect to the light absorbing portion, and white reference
data is obtained with respect to the white reference portion.
When an area of the original placing surface, on which the
original is not placed, is exposed to the outside, ambient light
enters inside the image scanner through the area. The ambient
light, which has entered the transparent plate from the out-
side, is reflected in the transparent plate, and may enter the
original placing surface side of the positioning member. Also,
the ambient light may pass through the transparent plate, be
reflected by an internal surface of amain body (i.e., a housing)
of'the image scanner, again pass through the transparent plate,
and enter the original placing surface side of the positioning
member. On the original placing surface side of the position-
ing member, the light absorbing portion absorbs the ambient
light which has entered thereinto.

Accordingly, an influence of ambient light on black refer-
ence data can be prevented when black reference data is to be
obtained with respect to the light absorbing portion. It is,
therefore, possible to obtain accurate black reference data
corresponding to the black color of the original, and thereby
to prevent deterioration of image quality of a scanned image
in the case of image scanning with entry of ambient light.

10

15

20

25

30

35

40

45

50

55

60

65

4
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention will be
described hereinafter with reference to the drawings, in
which:

FIG. 1A is a perspective view showing a structure of an
image scanner with a main body cover in a closed state;

FIG. 1B is a perspective view showing a structure of the
image scanner with the main body cover in a opened state;

FIG. 2 is a plan view showing a structure of an upper
portion of a scanner main body of the image scanner;

FIGS. 3A and 3B are diagrammatic cross-sectional views
along a longitudinal direction of the image scanner;

FIG. 4 is a block diagram showing an electrical structure of
the image scanner;

FIG. 5A is a plan view showing an under surface of a
positioning member;

FIG. 5B is a cross-sectional view taken along line 5B-5B in
FIG. 5A;

FIG. 6 is a flowchart for illustrating an image scanning
process performed by the image scanner;

FIG. 7 is a flowchart for illustrating a first process of light
amount adjustment and shading data calculation;

FIG. 8 is a flowchart for illustrating a second process of
light amount adjustment and shading data calculation;

FIGS. 9A and 9B are explanatory views showing a struc-
ture around a platen glass in Embodiment 1;

FIG. 10 is an explanatory view showing an operation of an
image sensor during the first process of light amount adjust-
ment and shading data calculation;

FIG. 11 is an explanatory view showing an operation of the
image sensor during the second process of light amount
adjustment and shading data calculation;

FIG. 12 is an explanatory view showing a structure around
the platen glass in Embodiment 2; and

FIG. 13 is aflowchart for illustrating a third process of light
amount adjustment and shading data calculation.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Embodiment 1

(a) Referring to FIGS. 1A, 1B, 2, 3A and 3B, an entire
structure of an image scanner 1 of Embodiment 1 will be
described below.

The image scanner 1 of Embodiment 1 is configured as a
flatbed type scanner provided with a main body cover 5
upwardly openable with respect to a scanner main body 3.
The scanner main body 3 has a box shape with an opening in
an upper portion thereof. An image sensor (a CIS) 21 is
arranged within the scanner main body 3, so as to be recip-
rocable in a sub scanning direction (i.e., in the right and left
directions in FIGS. 3A and 3B). A platen glass (a transparent
plate) 13 is fixed with two-sided tape to an upper frame 20 of
the scanner main body 3 having an opening so as to cover the
opening. The platen glass 13, which is made of transparent
glass or resin, has an upper surface constituting an original
placing surface on which an original is placed.

The image scanner 1 may be embodied as part of a multi-
function apparatus integrally provided with a scanner func-
tion, a printer function and a facsimile function. It is to be
understood, however, that functions other than a scanner
function are optional in the present invention, and that the
present invention may be embodied as an exclusive scanner.

The upper surface of the platen glass 13 can be covered
with the main body cover 5 that is openable/closable in upper
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and lower directions with respect to a rear side of the scanner
(an upper side in FIG. 2) as a rotation center. An original
conveying device 40, provided on one end portion of the main
body cover 5, can cover the platen glass 13 along with the
main body cover 5. A pressing member, including sponge and
awhite plate, is disposed on an under surface of the main body
cover 5 at a position corresponding to the platen glass 13. An
original placed on the platen glass 13 is pressed by the press-
ing member. In FIG. 1A, the main body cover 5 is closed to
cover the platen glass 13. In FIG. 1B, the main body cover 5
is opened to expose an entire area of the platen glass 13.

The scanner main body 3 is provided with an operating
portion 15 including a variety of switches, such as a numeric
keypad and others, and an LCD panel in a front portion (a
lower side in FIG. 2) thereof. When a command is inputted by
operating a key in the operating portion 15, the command is
executed by an after-mentioned CPU 101. The image scanner
1 may be configured such that the image scanner 1 is con-
nected to an external information device, such as a computer,
and commands transmitted from software installed in the
computer, such as a scanner driver, are executed by the CPU
101.

The upper frame 20 of the scanner main body 3 has an
opening, and the platen glass 13 is fixed to the upper frame 20
s0 as to cover the opening.

An image sensor 21 is arranged within the scanner main
body 3, so as to be reciprocable in the sub scanning direction
(i.e., in the right and left directions in FIGS. 3A and 3B). The
image sensor 21 is positioned under the platen glass 13, while
the original placing surface is the upper surface of the platen
glass 13. In other words, the image sensor 21 is positioned
opposite to the original placing surface with respect to the
platen glass 13.

The image sensor 21 is a contact-type image sensor includ-
ing point light sources (hereinafter referred to as the “light
sources”), a SELFOC® lens, and a multiplicity of light
receiving elements. The light sources are, for example, three
colors of LEDs (R, G, and B), which irradiate light onto an
original P on the platen glass 13. The SELFOC® lens is for
focusing the reflected light onto the light receiving elements.
The light receiving elements are arranged in a row at prede-
termined spacings so as to face upward. The length of the
arranged light receiving elements in the image sensor 21 is
approximately the same as a length of the platen glass 13.

In the scanner main body 3, a driving device is provided.
The driving device includes a DC motor 23 arranged with its
motor shaft oriented downward at one end of the scanner
main body 3 in a longitudinal direction (i.e., in the sub scan-
ning direction), a pulley 254 attached to the motor shaft, and
a pulley 25a disposed at the other end of the scanner main
body 3. The driving device further includes an endless belt
25b tensioned between these pulleys 254. The driving device
enables the image sensor 21 to move in a sub scanning direc-
tion (in the longitudinal direction of the scanner main body).

Accordingly, as described below, the image sensor 21 is
configured to be reciprocable between a stationary original
scanning area (a first scanning area) 11 and a moving original
scanning area (a second scanning area) 12 of the platen glass
13.

On the original placing surface side of the platen glass 13,
a positioning member 17 is provided. The positioning mem-
ber 17 divides the original placing surface of the platen glass
13 into a plurality of areas, i.e., the stationary original scan-
ning area 11 and the moving original scanning area 12. The
stationary original scanning area 11 is a surface on which an
original P is placed when the image scanner is used as an FBS.
The moving original scanning area 12 is a surface to scan an
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6

original P conveyed by using the original conveying device
40. As shown in FIG. 2, the platen glass 13 is divided into two
areas by the positioning member 17, such that a narrow spe-
cific area is formed on a left side in the sub scanning direction
of the image scanner 1 (i.e., in the right and left directions in
FIG. 2) and a wide specific area is formed on aright side in the
sub scanning direction on which an original P of a maximum
scannable size can be placed. The narrow specific area on the
left side is the stationary original scanning area 11, and the
wide specific area on the right side is the moving original
scanning area 12.

When the image scanner is used as an FBS, an original to be
scanned P is placed facing down on the platen glass 13 in a
state as shown in FIG. 1B. Specifically, the original P is
placed with the surface to be scanned facing down on the
stationary original scanning area 11 of the platen glass 13
using the positioning member 17 as an edge reference for the
original P. The main body cover 5 is rotated downward around
the rotation center so as to press the original P, as shown in
FIG. 1A, and then image scanning of the original P is pre-
formed. Specifically, as shown in FIG. 3B, the image sensor
21 fixed to the endless belt 255 irradiates light using the light
sources while moving in a right direction of FIG. 3B due to
the rotation of the DC motor 23. Reflected light from the
original P is focused through the lens onto the light receiving
elements, and light signals are converted into electrical sig-
nals.

As shown in FIGS. 3A and 3B, the original conveying
device 40 (ADF) is mounted on the main body cover 5. The
original conveying device 40 includes a paper feed tray 41, a
paper exit tray 42, and a conveying path 55. The paper feed
tray 41 is for loading the originals P with each surface to be
scanned facing down. The paper exit tray 42 is provided
above the paper feed tray 41 for stacking the originals P with
each scanned surface facing up once scanning is completed.
The conveying path is formed between the paper feed tray 41
and the paper exit tray 42 so as to define a reverse U-shaped
turn. The paper feed tray 41 and the paper exit tray 42 are
arranged to be shifted with each other in a horizontal direction
s0 as to provide an open space over the paper feed tray 41.
This leads to an advantage that the setting ofthe originals P on
the paper feed tray 41 is easier as compared with a case of
disposing the paper exit tray 42 right above the paper feed tray
41. By providing the paper feed tray 41 and the paper exit tray
42, originals P before and after the scanning can be held
separately on the paper feed tray 41 and the paper exit tray 42.

The originals P, loaded on the paper feed tray 41, are drawn
out by paper feed rollers 44 and 45, disposed substantially
under the paper feed tray 41, and are conveyed downstream
sheet by sheet. A set of rollers consisting of conveyer rollers
47 and 48 are disposed downstream from the paper feed
rollers 44 and 45 for conveying the originals P toward the
moving original scanning area 12 at the lowermost position.
Anupper plate 49 is disposed so as to face the moving original
scanning area 12 of the platen glass 13 at a predetermined
distance apart from the platen glass 13. The conveyed origi-
nals P are scanned sequentially by the image sensor 21 wait-
ing under the moving original scanning area 12 (i.e., waiting
at an ADF scanning position).

An ascending member 20q is provided near one end (a left
end in FIG. 3) of the platen glass 13 so as to deflect the front
end of each of the originals P that have moved on the platen
glass 13. Each of the originals P is conveyed with a change in
direction upward by a set of conveyer rollers 51 and 52, and is
discharged by discharge rollers 53 and 54 on the paper exit
tray 42 with a scanned surface facing up.
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The configuration of the conveying device 40 is described
as above only by way of example. It is to be understood that
the configuration of the conveying device 40 may be modified
into the configurations of other known conveying devices. For
example, the relative positions of the paper feed tray 41 and
the paper exit tray 42 may be changed. The configurations and
arrangement of rollers, such as the paper feed rollers 44 and
45, the conveyer rollers 47 and 48, and the discharge rollers 53
and 54, as well as the conveying path 55 may also be changed.

(b) The structure of the positioning member 17 will now be
described with reference to FIGS. 5A and 5B. In FIG. 5A,
showing an under surface (a glass abutting surface) of the
positioning member 17, upper and lower directions indicate a
main scanning direction and correspond to the upper and
lower directions in FIG. 2. A left direction in FIG. SA corre-
sponds to the left direction in FIG. 2. Accordingly, a left side
of the positioning member 17 corresponds to the moving
original scanning area 12, while a right side of the positioning
member 17 corresponds to the stationary original scanning
area 11 in FIG. 5A.

The positioning member 17 is a substantially rectangular
plate member having a length in the main scanning direction
(i.e., inthe upper and lower directions in FIG. 5A) the same as
the length of the platen glass 13 in the main scanning direc-
tion. Accordingly, when the positioning member 17 is
arranged on the platen glass 13 along the main scanning
direction, as shown in FIG. 2, the positioning member 17 has
enough length to extend from one end to the other end of the
platen glass 13.

Substantially the entire under surface of the positioning
member 17 is covered with a white reference portion 17a
made of a white thin plate member. A black reference portion
17b, made of a black thin plate member, is attached onto the
under surface of the white reference portion 17a. The black
reference portion 175 is arranged such that approximately
one third of the white reference portion 174 from a left end
thereof is exposed without being covered with the black ref-
erence portion 175. In other words, an area of approximately
two thirds of the white reference portion 174, starting from a
position of approximately one third of the white reference
portion 17a on the side of the moving original scanning area
12 toward the right direction (toward the stationary original
scanning area 11), is covered with the black reference portion
17b.

The above area of the white reference portion 17a exposed
without being covered with the black reference portion 175 is
used for obtaining the after-mentioned white reference data
and for light amount adjustment. A center part of an area of
the black reference portion 175, corresponding to approxi-
mately one third of the white reference portion 17a on the
right side, is cut out, and thereby the white reference portion
17a is exposed therein. A line defined by a left end 17f'of the
black reference portion 175, that is, a boundary between the
white reference portion 174 and the black reference portion
175, is a reference position for the sub scanning of the image
sensor 21. Specifically, a home position HP (a waiting posi-
tion) is determined based on the left end 17/ at the time of
initialization when the power is turned on and after comple-
tion of scanning,.

By cutting out the center part of the black reference portion
175 on the right side, two boundaries between the white
reference portion 17a and the black reference portion 175 in
the main scanning direction are provided. These two bound-
aries are used as reference positions 174 in the main scanning
of'the image sensor 21. In the image scanner 1 of Embodiment
1, the center between the two reference positions 174 is
defined as a center of each of the originals P.
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At each ofthe above reference positions 174 and 177, there
is a clear change in color (brightness) between the white color
of the white reference portion 17a and the black color of the
black reference portion 17b. Accordingly, the reference posi-
tions 17d and 17f can be definitely determined based on
outputs of the image sensor 21.

An area of the black reference portion 175 extending in the
main scanning direction of the image sensor 21, that is, an
area around a center of the positioning member 17 in the sub
scanning direction of the image sensor 21, is used for obtain-
ing the after-mentioned black reference data. The obtainment
of the black reference data is performed not over an entire
width of the black reference portion 175 in the sub scanning
direction, but at a position 17/ corresponding to a main scan-
ning line along which the light receiving elements are
aligned. A width of the black reference portion 175 around the
center thereof is sufficiently wide for the position 17%4. The
black reference portion 175 at least extends out to the left side,
toward the moving original scanning area 12 from the posi-
tion 174. The black reference portion 176 may, of course,
extend out to the right side, toward the stationary original
scanning area 11 from the position 174.

A clear two-sided tape 17¢ is applied to a right end area of
the under surface of the positioning member 17. The two-
sided tape 17¢ consists of a thick two-sided tape 17¢1 applied
to a center portion in the upper and lower directions in FIG.
5A and thin two-sided tapes 17¢2 applied to an upper end
portion and an lower end portion in FIG. 5A. A thickness
difference between the two-sided tape 17¢1 and the two-sided
tape 17¢2 corresponds to a thickness difference between the
white reference portion 17a and the black reference portion
17b. The white reference portion 174 is cut off in accordance
with the shape of the two-sided tape 17¢1 in an area at which
the two-sided tape 17¢1 is applied. That is, the two-sided tape
17¢1 is applied directly to the positioning member 17. On the
contrary, the two-sided tapes 17¢2 are applied to the white
reference portion 17a and the black reference portion 175.

As shown in FIG. 5B, a left end of the white reference
portion 17a includes an extending portion which extends
further from the positioning member 17 in a left direction. A
clear tape 17e¢ is applied to an upper surface of the extending
portion. The clear tape 17¢ has a right end fixed to the posi-
tioning member 17 and a left end extending further from the
white reference portion 174 in the left direction.

As described above, the white reference portion 17a and
the black reference portion 175 are arranged on the under
surface of the positioning member 17, and the positioning
member 17 is fixed to the upper surface of the platen glass 13
in close contact with each other with the two-sided tapes
17¢1, 17¢2 and the two-side tape 17e. That is, the white
reference portion 17a and the black reference portion 175 are
arranged on the original placing surface side of the position-
ing member 17. Accordingly, the white reference portion 17a
is arranged on the original placing surface side of the posi-
tioning member 17 and on the side of the moving original
scanning area 12. The black reference portion 175 is arranged
onthe original placing surface side of the positioning member
17 and around the center of the positioning member 17 in the
sub scanning direction of the image sensor 21.

(c) An electrical structure of the image scanner 1 will be
described hereinafter with reference to FIG. 4. A CPU 101
performs control of various components in the image scanner
1, such as control of forward/reverse rotation of the motor 23,
control of speed, and control of the turning on/off of the light
sources provided in the image sensor 21, based on control
programs stored in a ROM 102. The ROM 102 stores pro-
grams for controlling the image scanner 1.
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A RAM 103 is a memory for temporarily storing image
data scanned by the image sensor 21 and image data from a
PC connected to the image scanner 1. The RAM 103 includes
at least a black reference buffer area 1034 that stores black
reference data for correcting gradient properties among the
light receiving elements, and a white reference buffer area
10354 that stores white reference data for correcting variation
in light amount among the light sources.

A correction circuit 104 performs processes, such as black
correction, white correction, and gamma correction, line by
line with respect to colors R, G, and B. Specifically, various
corrections such as shading correction are performed on
image data of an original P scanned by the image sensor 21.

Animage processing portion 106 performs processes, such
as smoothing and emphasizing of corrected image data, con-
verting RGB data into printable Cyan-Magenta-Yellow-
Black (CMYK) data, and others.

(d) Processes performed by the CPU 101 of the image
scanner 1 will now be described with reference to FIGS. 6-10.

First, processes performed by the CPU 101 will be
described schematically using the flowchart in FIG. 6. In Step
100, the CPU performs light amount adjustment and shading
data calculation. This process will be described in detail later.

In Step 110, the CPU 101 performs scanning of an original
P and generates an image signal.

Scanning of the original P placed on the stationary original
scanning area 11 of the platen glass 13 is performed as
described below. The CPU 101 controls the motor 23 and
simultaneously makes the image sensor 21 scan the original P
placed on the stationary original scanning area 11. That is, the
CPU 101 makes the image sensor 21 scan the original P, while
moving the image sensor 21.

Scanning of an original P conveyed by the original convey-
ing device 40 is performed as described below. The CPU 101
fixes the image sensor 21 under the moving original scanning
area 12. Then, the CPU 101 controls the original conveying
device 40 to convey an original P, placed on the paper feed
trays 41, toward the original scanning area 12. While the
original P passes through the original scanning area 12, the
CPU 101 makes the image sensor 21 scan the original P.

An image signal output by the image sensor 21, which has
scanned the original P, is digitized by an internal circuit.
Well-known shading correction or the like is performed on
the digitized image signal by the correction circuit 104, based
on shading data created and updated as described later. The
image signal after the shading correction is stored once in the
RAM 103, and then is provided to an external personal com-
puter or an image forming device through an interface 105 by
an operation of the CPU 101.

Second, a process of light amount adjustment and shading
data calculation performed by the CPU 101 will be described
using FIGS. 7, 9 and 10.

(Light Amount Adjustment and Shading Data Calculation
Process 1)

Before this process is started, the image sensor 21 is
located at a home position HP. The home position HP is a
waiting position which is closer to the white reference portion
17a than to the black reference portion 175 (see FIG. 10). The
waiting position is determined based on the reference posi-
tion 17fin the sub scanning direction shown in FIG. SA.

Specifically, when the power is turned on, the CPU 101
makes the image sensor 21 scan the reference position 17f
while moving under the positioning member 17 with the light
sources on. Since the reference position 17fis a boundary
between the white color and the black color, outputs of the
light receiving elements change due to changes in the
reflected lights from these colors. The CPU 101 determines
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the reference position 17f based on output changes of the
image sensor 21. Then the image sensor 21 is moved to a
waiting position which is determined as a position at a speci-
fied distance apart from the reference position 17ftoward the
exposed area of the white reference portion 174, i.e., toward
the moving original scanning area 12 (a waiting step). The
waiting position is preferably located in the vicinity of the
positioning member 17 with the object of speeding up the
light amount adjustment and the obtainment of corrected
data.

In Step 200 in FIG. 7, when the start button in the operating
portion 15 is pressed down, the motor 23 is rotated by a
command issued by the CPU 101. Then, the image sensor 21
starts to move away from the home position HP, in order to
obtain black reference data and white reference data. After a
movement of a specific distance from the home position HP,
the image sensor 21 stops under the black reference portion
1756 (the movement from (1) HP to (2) black reference portion
in FIG. 10). After the movement, the image sensor 21 is
positioned right under the black reference portion 175, as
shown in FIG. 9B.

In Step 210 (a black reference data obtaining step), black
reference data is obtained. Specifically, scanning of the black
reference portion 175 is performed a plurality of times with
the light sources of the image sensor 21 turned off. Then, the
obtained data is divided by the number of times the scanning
was performed with respect to each of the light receiving
elements in order to calculate an average, and the average data
is stored in the black reference buffer area 103a of the RAM
103 as the black reference data.

In Step 220, upon storing the black reference data, the
motor 23 is driven again to move the image sensor 21 by a
predetermined distance to a position under the white refer-
ence portion 17a (the movement from (2) BLACK REFER-
ENCE PORTION to (3) WHITE REFERENCE PORTION in
FIG. 10).

In Step 230, light adjustment for the white reference por-
tion 17q is performed. Specifically, first, light with a suffi-
ciently small light amount is irradiated to the white reference
portion 17a from the light sources of the image sensor 21, and
the reflected light is scanned by the light receiving elements.
When the light amount of the light sources is small, the output
of'the light receiving elements is accordingly small. The light
amount is increased in a stepwise or continuous manner until
the output of the light receiving elements reaches a desired
value. The light amount when the output of the light receiving
elements reaches the desired value is store in the RAM 103 as
an adjusted light amount value. The desired value of the
output of the light receiving elements is determined such that
the output of white reference data against black reference data
gives a desired value.

In Step 240 (a white reference data obtaining step), the
image sensor 21 scans the white reference portion 17a. Spe-
cifically, light with the adjusted light amount value is irradi-
ated to the white reference portion 174 from the light sources
of'the image sensor 21, and the reflected light from the white
reference portion 174 is scanned by the light receiving ele-
ments. Thus, white reference data is obtained.

In this process, the CPU 101 rotates the motor 23 in for-
ward and reverse directions, thereby to reciprocate the image
sensor 21 under the white reference portion 17a. The range of
reciprocation is between a point A corresponding to a position
1 mm from a left end of the white reference portion 174 and
a point B corresponding to a position 1 mm from a right end
of the white reference portion 174 (see (3) WHITE REFER-
ENCE PORTION in FIG. 10). During the reciprocation, the
light receiving elements obtain a plurality of pieces of data at
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different positions in the white reference portion 17a. The
obtained plurality of pieces of data are divided by the number
oftimes of scanning with respect to each of the light receiving
elements, and are stored in the white reference buffer area
1035 of the RAM 103 as white reference data.

In Step 250, the CPU 101 creates black shading data by
using the black reference data obtained in Step 210, while
creating white shading data by using the white reference data
obtained in Step 240. The created shading data of each color
is stored in the RAM 103.

The created shading data of each color is also used for
shading correction of the image signal. The created shading
data of each color is updated each time it is newly created.

In Step 260, the CPU 101 moves the image sensor 21 to a
scanning start position. In the case of scanning an original
conveyed by the original conveying device 40, the scanning
start position is the ADF scanning position shown in FIG. 3A.
In the case of scanning an original placed on the stationary
original scanning area 11, the scanning start position is under
the left end of the stationary original scanning area 11, as
shown in FIG. 3B and indicated by (4) SCANNING START
POSITION) in FIG. 10. Subsequently, as described above,
image scanning of an original P is performed by irradiating
light to the original P from the light sources of the image
sensor 21 and by scanning the reflected light by the light
receiving elements.

(e) Advantages provided by the image scanner 1 of
Embodiment 1 and an image scanning method using the
image scanner 1 will be described below.

1) According to the image scanner 1 of Embodiment 1, the
black reference data is obtained while the image sensor 21 is
under the black reference portion 175b. Since the black refer-
ence portion 175 on the side of the original placing surface
(i.e., on the under surface) of the positioning member 17.
Accordingly, if an instruction to perform image scanning is
provided while the main body cover 5 is opened, thatis, while
the stationary original scanning area 11 and the moving origi-
nal scanning area 12 are exposed, ambient light is likely to
enter. Particularly when a thick original P is to be scanned
using the image scanner 1 as an FBS,; it is difficult to com-
pletely close the main body cover 5. Also, since the original P
is not placed on the moving original scanning area 12, ambi-
ent light is further likely to enter.

Such ambient light that has entered the side of the original
placing surface of the positioning member 17 is absorbed by
the black reference portion 175. Accordingly, ambient light
that has entered the black reference portion 176 will not be
reflected to the image sensor 21. Then, obtainment of black
reference data is performed with respect to the black refer-
ence portion 176 with the light sources of the image sensor 21
turned off, and accurate black reference data can be obtained
without an influence of ambient light. It is, therefore, possible
to obtain black reference data with a clear gradation and to
perform accurate shading correction in the image scanner 1 of
Embodiment 1.

i) In Embodiment 1, the white reference portion 174 and
the black reference portion 175 are arranged on the side of the
original placing surface of (on the under surface of) the posi-
tioning member 17, and the positioning member 17 is
arranged on the upper surface of the original placing surface
of the platen glass 13. Accordingly, the white reference por-
tion 17a and the black reference portion 175 are arranged on
the upper surface of the original placing surface of the platen
glass 13.

As aresult, either of the distance between the image sensor
21 and the white reference portion 17a, and the distance
between the image sensor 21 and the black reference portion
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17b, is the same as the distance between the image sensor 21
and an original P placed on the platen glass 13. In other words,
white reference data obtained with respect to the white refer-
ence portion 17a and black reference data obtained with
respect to the black reference portion 175 is based on the same
conditions as in the obtainment of image data of the original
P. It is, therefore, possible to obtain accurate white reference
data by using the white reference portion 17a¢ and accurate
black reference data by using the black reference portion 175
in the image scanner 1 of Embodiment 1.

iii) In Embodiment 1, as shown in FIGS. 5A and 5B, the
white reference portion 17a and the black reference portion
175 are adjacent to each other. Accordingly, the moving dis-
tance of the image sensor 21 can be reduced when the image
sensor 21 is moved from under the white reference portion
17a to under the black reference portion 175, or vice versa.
This leads to a shortened time interval between the obtain-
ment of white reference data and the obtainment of black
reference data. It is, therefore, possible to create the shading
data in a short time.

iv) In Embodiment 1, as shown in FIGS. 5A and 5B, the
black reference portion 17a is arranged so as to extend from
the center of the positioning member 17 in the sub scanning
direction of the image sensor 21 toward the moving original
scanning area 12. Accordingly, the black reference portion
175 may have a sufficient area from the position 17/, at which
black reference data is obtained, toward the moving original
scanning area 12 through which ambient light is likely to
enter. It is, therefore, possible to further surely absorb, by
means of the black reference portion 176, ambient light which
enters from the moving original scanning area 12, is reflected
in the platen glass 13, or passes through the platen glass 13
and is reflected in the housing, and enters the side of the
original placing surface of the positioning member 17.

v) In Embodiment 1, the length of the black reference
portion 175 in the main scanning direction is larger than the
length of the platen glass 13 in the main scanning direction.
That is, the black reference portion 175 extends from one end
to the other end of the platen glass 13. Accordingly, the black
reference portion 175 can sufficiently absorb ambient light
traveling through the platen glass 13.

vi) In Embodiment 1, white reference data is obtained at a
plurality of positions in the white reference portion 174 while
the image sensor 21 is reciprocated. Accordingly, even if dust
is attached to a part of the white reference portion 174, the
influence of the dust can be reduced. Thus, accurate white
reference data can be obtained.

vii) In Embodiment 1, the image sensor 21 obtains a plu-
rality of pieces of black reference data. Accordingly, accurate
black reference data can be obtained without being influenced
by variations in black reference data.

viii) In Embodiment 1, when (Light Amount Adjustment
and Shading Data Calculation Process 1) (see FIG. 7) is
selected, black reference data is obtained first, and then white
reference data is obtained. This facilitates the easy creation of
shading data.

(Process of Light Amount Adjustment and Shading Data
Calculation 2)

In Embodiment 1, an alternative process of light amount
adjustment and shading data calculation may be performed.
The alternative process will be described below with refer-
ence to FIGS. 8, 9 and 11.

Before the process is started, the image sensor 21 is located
at the home position HP. The method of making the image
sensor 21 wait at a waiting position (a waiting step) is the
same as described above.
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In Step 300 in FIG. 8, when the start button in the operating
portion 15 is pressed down, the motor 23 is rotated by a
command issued by the CPU 101. Then, the image sensor 21
starts to move away from the home position HP in order to
obtain black reference data and white reference data. After a
movement of a specific distance from the home position HP,
the image sensor 21 stops under the white reference portion
17a (the movement from (1) HP to (2) WHITE reference
portion in FIG. 11). After the movement, the image sensor 21
is positioned under the white reference portion 17a as shown
in FIG. 9A.

In Step 310, the CPU 101 adjusts the light amount of the
light sources of the image sensor 21 to be suitable for subse-
quent capturing of white reference data. Although this light
amount adjustment is the same as the light amount adjustment
shown in Step 230, black reference data has not yet been
obtained. Prior to obtainment of black reference data, how-
ever, black reference data previously obtained at the previous
image scanning is stored in the black reference buffer area
103a of the RAM 103. Therefore, light amount adjustment is
performed based on the previously obtained black reference
data such that white reference data has a desired output.

In Step 320 (a white reference data obtaining step), the
image sensor 21 scans the white reference portion 17a. In this
case, the motor 23 is rotated in forward and reverse directions,
thereby to reciprocate the image sensor 21 under the white
reference portion 17a. The range of reciprocation is between
apoint A corresponding to a position 1 mm from a left end of
the white reference portion 17a and a point B corresponding
to a position 1 mm from a right end of the white reference
portion 17a (see (2) WHITE REFERENCE PORTION in
FIG. 11). During the reciprocation, the light receiving ele-
ments of the image sensor 21 obtain a plurality of pieces of
data at different positions in the white reference portion 17a.
The obtained plurality of pieces of data are divided by the
number of times of scanning with respect to each of the light
receiving elements, and are stored in the white reference
buffer area 1035 of the RAM 103 as white reference data.

In Step 330, the CPU 101 moves the image sensor 21 from
aposition under the white reference portion 174 to a position
under the black reference portion 175 (the movement from (2)
WHITE REFERENCE PORTION to (3) BLACK REFER-
ENCE PORTION in FIG. 11). After the movement, the image
sensor 21 is positioned right under the black reference portion
174, as shown in FIG. 9B. The CPU 101 turns off the light
sources of the image sensor 21 by the time the image sensor
has reached a position under the black reference portion 175.

In Step 340 (a black reference obtaining step), scanning is
performed a plurality of times with the light sources of the
image sensor 21 turned off in order to scan black reference
data. Then, the obtained data is divided by the number of
times the scanning was performed with respect to each of the
light receiving elements in order to calculate an average, and
the average data is stored in the black reference buffer area
1034 of the RAM 103 as black reference data.

In Step 350, the CPU 101 creates black shading data by
using the black reference data obtained in Step 340, while
creating white shading data by using the white reference data
obtained in Step 320. The created shading data of each color
is stored in the RAM 103.

In Step 360, the CPU 101 moves the image sensor 21 to a
scanning start position. In the case of scanning an original
conveyed by the original conveying device 40, the scanning
start position is the ADF scanning position shown in FIG. 3A.
In the case of scanning an original placed on the stationary
original scanning area 11, the scanning start position is under
a left end of the stationary original scanning area 11 as shown
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in FIG. 3B and indicated by (4) SCANNING START POSI-
TION in FIG. 11. Subsequently, as described above, image
scanning of an original P is performed by irradiating light to
the original P from the light sources of the image sensor 21
and by scanning the reflected light by the light receiving
elements.

When (Light Amount Adjustment and Shading Data Cal-
culation Process 2) (see FIG. 8) is selected in Embodiment 1,
the image sensor 21 moves in one direction from the home
position through the position under the white reference por-
tion 174 to the position under the black reference portion 175.
This leads to a shortened moving distance of the image sensor
21, and thereby to a reduced time required for the creation of
shading data.

Embodiment 2

The structure and operation of an image scanner 1 in
Embodiment 2 are basically the same as in Embodiment 1.

InEmbodiment 2, however, a light absorbing portion 17g is
provided to the positioning member 17 on a side of the mov-
ing original scanning area 12, as shown in FIG. 12. The light
absorbing portion 17g is a plate-like member having a hori-
zontal under surface and a sloping upper surface lowered
toward the outside. The under surface of the light absorbing
portion 17g is level with the white reference portion 17a, the
black reference portion 175 and a mark portion 17¢, and is
black in color as with the black reference portion 175.

According to the image scanner 1 of Embodiment 2, ambi-
ent light entering from the side of the moving original scan-
ning area 12 can be absorbed by the light absorbing portion
17g. Therefore, ambient light entering into the white refer-
ence portion 17a can be further reduced, and thereby further
accurate shading data can be created.

In Embodiment 2, an internal surface 3a of a housing 3 is
black and serves as an additional light absorbing portion.
Accordingly, ambient light, which has been transmitted
through the platen glass 13 and has reached the internal sur-
face 3a of the housing 3, is absorbed by the internal surface 3a
before reaching the white reference portion 17a. Therefore,
ambient light entering into the white reference portion 17«
can be further reduced, and thereby further accurate shading
data can be created.

Embodiment 3

The structure and operation of an image scanner 1 in
Embodiment 3 are basically the same as in Embodiment 1.

In Embodiment 3, however, a process of light amount
adjustment and shading data calculation is performed as
shown in FIG. 13.

In Step 400, when the start button in the operating portion
15 is pressed down, the motor 23 is rotated by a command
issued by the CPU 101. Then, the image sensor 21 starts to
move away from the home position HP in order to obtain
black reference data and white reference data. After a move-
ment of a specific distance from the home position HP, the
image sensor 21 stops under the white reference portion 17a.
After the movement, the image sensor 21 is positioned under
the white reference portion 17a, as shown in FIG. 9A. The HP
as the waiting position of the image scanner 21 and the
method of making the image sensor 21 wait at a waiting
position (a waiting step) is the same as in Embodiment 1.

In Step 410 (a black reference data obtaining process),
scanning of the white reference portion 17a is performed a
plurality of times with the light sources of the image sensor 21
turned off in order to scan black reference data. Then, the



US 9,167,119 B2

15

obtained data is divided by the number of times the scanning
was performed with respect to each of the light receiving
elements in order to calculate an average, and the average data
is stored in the black reference buffer area 103a of the RAM
103 as the black reference data.

In Step 420, the CPU 101 adjusts the light amount of the
light sources of the image sensor 21 to be suitable for subse-
quent capturing of white reference data. The method of light
adjustment is the same as in Embodiment 1.

In Step 430 (a white reference data obtaining step), the
image sensor 21 scans the white reference portion 17a. In this
case, the motor 23 is rotated in forward and reverse directions,
thereby to reciprocate the image sensor 21 under the white
reference portion 17a. The range of reciprocation is between
apoint A corresponding to a position 1 mm from a left end of
the white reference portion 17a and a point B corresponding
to a position 1 mm from a right end of the white reference
portion 17a. During the reciprocation, the light receiving
elements obtain a plurality of pieces of data at different posi-
tions in the white reference portion 17a. The obtained plural-
ity of pieces of data are divided by the number of times of
scanning with respect to each of the light receiving elements,
and are stored in the white reference buffer area 1035 of the
RAM 103 as white reference data.

In Step 440, the CPU 101 creates shading data by using the
black reference data obtained in Step 410 and the white ref-
erence data obtained in Step 430. The created shading data is
stored in the RAM 103.

In Step 450, the CPU 101 moves the image sensor 21 to a
scanning start position. Subsequently, in the same manner as
in Embodiment 1, image scanning of an original P is per-
formed by irradiating light to the original P from the light
sources of the image sensor 21 and by scanning the reflected
light by the light receiving elements

In Embodiment 3, as described above, the black reference
data is obtained by scanning the white reference portion 17«
with the light sources of the image sensor 21 turned off.

According to Embodiment 3, obtainment of the black ref-
erence data and the white reference data is performed with the
image sensor 21 positioned under the white reference portion
17a. Therefore, the number of movements of the image sen-
sor 21 as well as the moving distance of the image sensor 21
can be reduced. This allows easy control of the image sensor
21 and a reduction of time required for creating shading data.

It is to be understood that the present invention should not
be limited to the above described embodiments, but may be
embodied in various forms without departing from the spirit
and scope of the present invention.

For example, the white reference portion 174 and the black
reference portion 175 may be reversely arranged in Embodi-
ments 1 through 3. That is, an arrangement may be employed
in which the black reference portion 176 is located on a side
of the moving original scanning area 12 of the under surface
of'the positioning member 17, and the white reference portion
17a is located in a center portion of the under surface of the
positioning member 17.

While the white reference portion 17a and the black refer-
ence portion 175 are provided as separate members such that
black reference portion 175 covers the white reference por-
tion 17a in Embodiments 1 through 3, the white reference
portion 17a and the black reference portion 176 may be
provided as a single member by, for example, applying white
color and black color thereon.

Also, while a CIS is employed as an image sensor 21
serving as a scanning device in Embodiments 1 through 3, a
charge-coupled device (CCD) image sensor in the reduction
optical system, for example, may be employed other than a
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contact-type image sensor, such as a CIS, as the scanning
device in the present invention.

We claim:

1. An image scanner, comprising:

a single transparent plate comprising a first area and a
second area;

a scanning device configured to scan a first original placed
on the first area while moving along the first area in a first
direction, and to scan a second original being conveyed
along the second area while stopping at a position
directly below the second area;

a conveying device configured to convey the second origi-
nal along the second area; and

an extending member disposed on the single transparent
plate and extending in a second direction perpendicular
to the first direction, the extending member comprising
a white portion facing the single transparent plate; and

a guide member extending from the single transparent
plate and including an inclined portion inclined upward
relative to an upper surface of the single transparent
plate, the guide member being configured to guide the
second original scanned by the scanning device in a
direction away from the upper surface of the single
transparent plate,

wherein the extending member and the inclined portion of
the guide member define the second area therebetween.

2. The image scanner according to claim 1, wherein the
guide member supports the single transparent plate.

3. The image scanner according to claim 1, wherein the
conveying device is configured to convey the second original
along a U-shaped path via the second area, and the guide
member defines a part of the U-shaped path.

4. The image scanner according to claim 1, wherein the
scanning device is configured to scan the white portion of the
extending member to obtain white reference data.

5. The image scanner according to claim 1, wherein the
extending member further comprises a black portion facing
the single transparent plate.

6. The image scanner according to claim 5, wherein the
scanning device is configured to scan the black portion of the
extending member to obtain black reference data.

7. The image scanner according to claim 1, wherein the
extending member divides the single transparent plate into
the first area and the second area.

8. The image scanner according to claim 1, further com-
prising a feed tray and an exit tray, wherein the conveying
device is configured to convey the second original from the
feed tray to the exit tray via the second area, and the feed tray
is disposed above the single transparent plate and below the
exit tray.

9. The image scanner according to claim 1, further com-
prising a cover configured to pivot relative to the single trans-
parent plate and to cover the first area and the second area of
the single transparent plate, the extending member, and the
guide member.

10. The image scanner according to claim 1, wherein the
scanning device comprises a contact image sensor.

11. An image scanner, comprising:

a single transparent plate comprising a first area and a

second area;

a scanning device configured to scan a first original placed
on the first area while moving along the first area in a first
direction, and to scan a second original being conveyed
at the second area in a conveying direction while stop-
ping at a position directly below the second area;
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a conveying device configured to convey the second origi-
nal being scanned in the conveying direction at the sec-
ond area; and

an extending member disposed on the single transparent
plate at a position upstream of the second area in the
conveying direction in which the second original being
scanned is conveyed at the second area, the extending
member extending in a second direction perpendicular
to the first direction and comprising a white portion and
a black portion which face the single transparent plate.

12. The image scanner according to claim 11, further com-

prising a guide member extending from the single transparent
plate and including an inclined portion inclined upward rela-
tive to an upper surface of the single transparent plate,
wherein the guide member is configured to guide the second
original scanned by the scanning device in a direction away
from, the upper surface of the single transparent plate, and the
inclined portion is positioned downstream of the second area
in the conveying direction.
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13. The image scanner according to claim 11, wherein the
white portion and the black portion of the extending member
define therebetween a first boundary line extending in the
second direction.

14. The image scanner according to claim 11, wherein the
white portion and the black portion of the extending member
define therebetween a second boundary line extending in the
first direction.

15. The image scanner according to claim 11, wherein the
scanning device is configured to scan the white portion of the
extending member to obtain white reference data.

16. The image scanner according to claim 11, wherein the
scanning device is configured to scan the black portion of the
extending member to obtain black reference data.

17. The image scanner according to claim 11, wherein the
extending member divides the single transparent plate into
the first area and the second area.
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